Aberrant expression of FOXN2, a member of the Forkhead box transcription factors, has been found in several types of cancer. However, the underlying mechanisms of FOXN2 deregulation in tumorigenesis remain largely unknown. Here, we find that FOXN2 binds to and is ubiquitinated by β-Trcp ubiquitin ligase and RSK2 kinase for degradation. Furthermore, we demonstrate that the Ser365 and Ser369 sites in a conserved DSGYAS motif are critical for the degradation of FOXN2 by β-Trcp and RSK2. Moreover, gain-of-function and loss-of-function studies show that FOXN2 impairs cell proliferation in vitro and in vivo and enhances the radiosensitivity of lung cancer. Importantly, β-Trcp-mediated and RSK2-mediated degradation of FOXN2 promotes tumorigenesis and radioresistance in lung cancer cells. Collectively, our study reveals a novel post-translational modification of FOXN2 and suggests that FOXN2 may be a potential therapeutic and radiosensitization target for lung cancer.
Introduction
Lung cancer has the highest morbidity and leading mortality among all cancer types worldwide, with an average 5-year survival of~15% [1, 2] . Non-small-cell lung cancer (NSCLC) comprises~85% of lung cancer, which mainly includes adenocarcinoma, squamous carcinoma, and largecell carcinoma [3] . Radiotherapy is considered the main option for local advanced lung cancer patients. Unfortunately, the clinical outcomes are not satisfactory due to radioresistance. Therefore, elucidating the mechanisms and identifying novel biomarkers for radioresistance are urgently required and may provide key clues for the treatment of lung cancer.
The ubiquitin-proteasome system (UPS) is the main protein degradation system that maintains protein homeostasis through directing the proteasomal destruction [4, 5] . It encompasses ubiquitin activating enzyme E1, ubiquitin conjugating enzyme E2, and ubiquitin ligase E3. Among these, E3 ligase is the critical component of UPS because it can recognize the substrate protein for degradation [6, 7] . SCF β-Trcp is a well-characterized E3 ubiquitin ligase and has been extensively investigated [8] [9] [10] . The F-box protein β-transducin repeat-containing protein (β-Trcp) is one of the 69 F-box proteins and often targets downstream substrates containing the classical DSGXXS phosphodegron for proteolysis [11] . It has been reported that β-Trcp has two distinct paralogs, β-Trcp1 and β-Trcp2, which share identical biological characterization [11, 12] . In addition, β-Trcp has been found to be involved in the regulation of multiple cellular processes, including cell cycle control, cell signaling, angiogenesis, lipogenesis, and tumorigenesis, by facilitating the destruction of diverse key regulatory proteins such as Wee1, Set8, VEGFR2, CHD1, and Lipin1 [13] [14] [15] [16] [17] . The Forkhead box (FOX) transcription factor family is classified into 19 subfamilies based on the conservation of V D'Angiolella Jia Ma, Yanwei Lu, and Sheng Zhang contributed equally to this work.
DNA-binding domains [18] [19] [20] . FOX transcriptional factors are especially involved in mediating the expression of target genes concerning organ development, cell metabolism, immunoregulation, and ageing [21, 22] . Moreover, several lines of evidence have revealed that FOX proteins also play pivotal roles in tumorigenesis. For instance, FOXO1A serves as a tumor suppressor for HER2-overexpressing breast cancer through inhibiting the PI3K/AKT signaling pathway [23] . FOXM1 was found to be overproduced and provided advantages for tumor progression in a series of malignancies [24] . As a member of the FOX transcription factor family, the aberrant expression of FOXN2 has been observed in some types of human cancer. A recent report indicated that FOXN2 may act as a tumor suppressor in Tcell leukemia, which displays reduced FOXN2 transcript levels [25] . In addition, it has been shown that low FOXN2 expression is correlated with adverse prognosis in adult glioblastoma multiforme treated with chemotherapy or radiotherapy [26] . These studies have provided significant clues regarding FOXN2 function in cancer. Nevertheless, the biological relevance and how FOXN2 levels are regulated in tumorigenesis still remain elusive.
In this report, we identify FOXN2 as an ubiquitination substrate of β-Trcp E3 ligase and RSK2 protein kinase. We find that FOXN2 interacts with and is ubiquitinated by β-Trcp and RSK2 via a conserved DSGYAS motif. Moreover, FOXN2 suppresses cell proliferation in vitro and in vivo and enhances the radiosensitivity of lung cancer. Importantly, β-Trcp and RSK2-mediated degradation of FOXN2 promotes tumorigenesis and radioresistance in lung cancer.
Results

FOXN2 interacts with β-Trcp in cells
Recently, a large-scale protein-protein network study on the human FOX family revealed that β-Trcp1 is a potential binding partner of FOXN2 [27] . To further determine this interaction, a co-immunoprecipitation experiment was performed. As shown in Fig. 1a , exogenously expressed FOXN2 specifically interacted with β-Trcp1 but not with SKP2 and FBXW7. Moreover, exogenous FOXN2 was able to associate with endogenous β-Trcp and vice versa in H1299 cells (Fig. 1b) . Importantly, the endogenous β-Trcp was capable of binding to the endogenous FOXN2 in H1299 cell (Fig. 1c) . These findings support the proteomic Fig. 1 FOXN2 interacts 
FOXN2 stability was negatively controlled by β-Trcp
Having checked a physical interaction between these two proteins, we next wondered whether FOXN2 stability is regulated by β-Trcp, since β-Trcp is a well-known E3 ligase. As shown in Fig. 2a , β-Trcp depletion using siRNAs targeting both β-Trcp1 and β-Trcp2 dramatically resulted in the accumulation of endogenous FOXN2 in different cancer cell lines. Moreover, treatment with the 26S proteasome inhibitor MG132 led to increased FOXN2 protein levels, implying the involvement of the ubiquitin-proteasome system in controlling FOXN2 stability (Fig. 2b) . In line with this observation, the half-life of FOXN2 was markedly prolonged after MG132 treatment (Fig. 2c) . To further explore whether FOXN2 can be degraded by β-Trcp, we detected the abundance of FOXN2 in the absence of β-Trcp after cycloheximide treatment. As seen in Fig. 2d , the halflife of FOXN2 was notably extended in β-Trcp-depleted cells. These results suggest that FOXN2 is degraded and negatively controlled by β-Trcp via the ubiquitin-proteasome pathway.
The Ser365 and Ser369 sites in a conserved DSGYAS motif are responsible for the ubiquitination of FOXN2 by β-Trcp Most β-Trcp substrates contain a DSGXXS phosphodegron sequence that can be recognized by β-Trcp [11] . Excitingly, we noticed that FOXN2 also contains the consensus DSGXXS phosphodegron in various species (Fig. 3a) . To further investigate whether this phosphodegron is associated with β-Trcp, we generated a FOXN2 mutant, termed FOXN2-AA, with Ser365 and Ser369 residues all mutated to alanine. As shown in Fig. 3b , unlike wild-type FOXN2 (FOXN2-WT), the FOXN2-AA mutant failed to associate with β-Trcp. Moreover, an in vivo ubiquitination assay demonstrated that β-Trcp substantially promoted the polyubiquitination of wild-type FOXN2 compared to the (Fig. 3c) , suggesting that the Ser365 and Ser369 sites in a conserved DSGYAS motif are responsible for the β-Trcp binding and subsequent ubiquitination. In further support of this ubiquitination site, we employed protein degradation assays. Notably, the half-life of the FOXN2-AA mutant was remarkably longer than that of wild-type FOXN2 (Fig. 3d) . Taken together, these results demonstrate that Ser365 and Ser369 sites in a conserved DSGYAS motif play critical roles in the destruction of FOXN2 by β-Trcp.
RSK2 binds to and promotes the polyubiquitination and degradation of FOXN2
It has been well established that a protein kinase is required to phosphorylate downstream substrates in the phosphodegron motif DSGXXS before the substrate is recognized and degraded by β-Trcp ligase [11] . To this end, we utilized NetPhos 3.1 Server, a kinase prediction program [28] , to search for the candidate kinases responsible for the phosphorylation of FOXN2 at Ser365 and Ser369 sites. As shown in Supplementary Table 1, several potential kinases may simultaneously phosphorylate these two sites. To further explore which kinase was involved in the β-Trcpmediated degradation of FOXN2, we first employed an immunoprecipitation assay and found that only RSK2 specifically interacted with FOXN2 at the exogenous and endogenous level ( Fig. 4a-c) . Moreover, knockdown of endogenous RSK2 with two validated siRNAs led to an accumulation of FOXN2 in two different lung cancer cell lines (Fig. 4d) . To further investigate whether RSK2 affected the ubiquitination of FOXN2, we performed an in vivo ubiquitination assay and found that the polyubiquitination of FOXN2 was dramatically reduced when RSK2 was depleted (Fig. 4e) . Consistently, we demonstrated that depletion of endogenous RSK2 extended the half-life of FOXN2 (Fig. 4f) . Collectively, these results suggest that RSK2 is the upstream kinase that phosphorylates FOXN2 at the Ser365 and Ser369 sites and subsequently promotes its ubiquitination and degradation by β-Trcp ligase.
FOXN2 silencing promotes cell cycle redistribution and tumorigenesis
To explore the potential downstream signaling pathways that are regulated by FOXN2, we performed gene set enrichment analysis (GSEA) and found that FOXN2 may participate in the cell cycle regulation, mismatch repair, nucleotide excision repair and homologous recombination (Fig. 5a ). Interestingly, FOXN2 was shown to be strongly associated with ubiquitin-mediated proteolysis (Fig. 5a) , which is consistent with our results above. To further validate these predictions, we examined the cell cycle distribution after FOXN2 depletion. FOXN2 was effectively knocked down by two different siRNAs in two lung cancer cell lines (Fig. 5b) . As shown in Fig. 5c , cell cycle analysis by flow cytometry exhibited an increase in the percentage of cells in the S phase, further supporting the notion that FOXN2 is involved in cell cycle control.
A recent study reported that β-Trcp1 was overexpressed in lung cancer tissues [29] . Our results indicate that the protein level of FOXN2 was negatively regulated by β-Trcp; thus, we speculated that FOXN2 may function as a tumor suppressor in the tumorigenesis of lung cancer. First, we detected the cell growth and proliferation capability in FOXN2-depleted lung cancer cells. We showed that inhibition of FOXN2 in H1299 and A549 cells led to cell growth promotion (Fig. 6a) . Moreover, compared to control cells, FOXN2 silencing resulted in marked augmentation in colony numbers (Fig. 6b) . These results suggest that FOXN2 impairs cell growth and proliferation in vitro. To further investigate whether FOXN2 suppresses tumorigenesis in vivo, we performed subcutaneous xenograft experiments in T-cell-deficient athymic nude mice and found that mice injected with FOXN2 knockdown H1299 cells showed significantly increased tumor growth compared to those injected with shControl cells (Fig. 6c-e) . Moreover, the tumor weight was also substantially increased in mice injected with shFOXN2 lung cancer cells (Fig. 6f) . Together, these results demonstrate that loss of FOXN2 promotes tumorigenesis, indicating that FOXN2 has potential tumor suppressor activity in lung cancer.
FOXN2 depletion results in radioresistance in lung cancer cells
A previous study has shown that low FOXN2 expression is correlated with adverse outcomes in glioblastoma treated with radiotherapy [26] . In addition, the GSEA report displayed that FOXN2 is associated with the DNA damage and repair pathway (Fig. 5a ), suggesting that FOXN2 may participate in the regulation of cell radiosensitivity. To confirm this hypothesis, γ-H2AX foci experiments and cell survival assays were performed. It has been well documented that γ-H2AX foci are considered to be an indicator for DNA double-strand breaks and closely associated with DNA damage repair. As shown in Fig. 7a, b , the number of γ-H2AX foci was significantly decreased at 4 and 24 h post irradiation in FOXN2-depleted lung cancer cells. In addition, FOXN2-depleted cells were more resistant to radiation than control cells (Fig. 7c) . Therefore, these results support our hypothesis and demonstrate that FOXN2 enhances the radiosensitivity of lung cancer cells, indicating that FOXN2 plays a key role in the DNA damage response.
β-Trcp and RSK2-mediated ubiquitination of FOXN2 promotes tumorigenesis and radioresistance in lung cancer
Functional studies have clearly shown that FOXN2 knockdown promoted tumorigenesis and radioresistance in (Fig. 8a) . As shown in Fig. 8b-f , the reconstitution with siRNA-resistant wild-type FOXN2 reversed the cell proliferation and radioresistance in FOXN2-knockdown cells. These findings support the role of FOXN2 in tumorigenesis and DNA damage response. More importantly, restoring the siRNA-resistant FOXN2 mutant, which is much more resistant to degradation by β-Trcp, led to a greater inhibition of cell proliferation and clonogenic survival in response to DNA damage compared to the expression of wild-type FOXN2 (Fig. 8b, c, f) . Moreover, FOXN2-AA mutant restoration caused a larger γ-H2AX foci number than did wild-type FOXN2 at 4 and 24 h post irradiation (Fig. 8d, e) . These results not only reveal that FOXN2 may function as a tumor suppressor protein but also suggest that β-Trcp and RSK2-mediated ubiquitination and degradation of FOXN2 promote tumorigenesis and radioresistance in lung cancer cells.
Discussion
In the present study, we identify FOXN2 as a new substrate of β-Trcp ubiquitin ligase and RSK2 protein kinase and uncover a novel post-translational modification of FOXN2 via the ubiquitination pathway. Furthermore, we illustrate the roles of FOXN2 in tumorigenesis and DNA damage response. Our results provide new mechanistic insight into the regulation of FOXN2 and suggest that FOXN2 may be a tumor suppressor protein and radiosensitization target in lung cancer.
Post-translational modifications including ubiquitination, phosphorylation, and acetylation play crucial roles in the control of the activity, localization and/or stability of several key proteins involved in a wide spectrum of cellular processes [30] . Accumulating evidence have revealed that several Forkhead factors can be regulated by many post-translational modifications. For instance, the phosphorylation of FOXO1 by CDK2 led to cytoplasmic localization and diminished DNA damage-induced apoptotic cell death [31] . The ubiquitin ligase Stub1 modulated the immune responses by promoting shown. Cells were transfected with the indicated siRNAs and plasmids and then seeded at low density in plates. The cell numbers were calculated every other day. c H1299 cells were transfected with the indicated siRNAs, and plasmids were allowed to grow 2 weeks to form colonies. Representative violet staining results are shown (upper panel). The numbers of colonies were counted and shown with histograms (lower panel); **P < 0.01. d H1299 cells transfected with the indicated siRNAs and plasmids were irradiated with 2 Gy and harvested at the indicated time points. An immunostaining experiment was carried out to detect the γ-H2AX foci formation. e Quantification of γ-H2AX foci is shown in d; **P < 0.01, ***P < 0.001. f Cell survival curves derived from H1299 cells. Cells were transfected with the indicated siRNAs and plasmids and treated with the radiation dose as indicated. Percentages of surviving colonies were measured 2 weeks later. The experiments were conducted in triplicate, and the results are presented as the means ± SD polyubiquitination and degradation of FOXP3 [32] . Our study revealed that FOXN2 is ubiquitinated and destructed by β-Trcp E3 ubiquitin ligase. Moreover, FOXN2 contains a canonical DSGXXS phosphodegron, which is recognized by β-Trcp. It is well established that prior phosphorylation of the phosphodegron motif is critical for the β-Trcp recognition. Our results demonstrate that the Ser365 and Ser369 phosphorylation sites in the DSGXXS motif are responsible for β-Trcp binding and subsequent ubiquitination. Importantly, we identified RSK2 kinase as the upstream kinase for the FOXN2 phosphodegron. RSK2 has been reported to promote cell proliferation and tumor metastasis through modulating microtubule dynamics and the proapoptotic signaling pathway [33, 34] . In addition, RSK2 has also been shown to function as a crucial kinase that is involved in β-Trcpmediated degradation of BimEL in lung cancer cells [35] . Our data clearly showed that RSK2 binds to and triggers the destruction of FOXN2, indicating that RSK2 acts cooperatively with β-Trcp to regulate the stability of FOXN2. Taken together, our findings strongly suggest that FOXN2 is a novel physiological substrate of the β-Trcp ubiquitin ligase and RSK2 kinase.
FOXN2 has been less studied in recent years even though it has been considered a critical transactional factor. Therefore, the biological function of FOXN2, especially in human lung cancer, is totally unknown. Our work showed for the first time that FOXN2 impairs cell proliferation and enhances the radiosensitivity of lung cancer. The opposite effects were observed when FOXN2 was knocked down in lung cancer cells. Accumulating evidence have demonstrated that there are many molecular mechanisms determining cell radiosensitivity, including cell proliferation and apoptosis, cell cycle regulation, DNA damage sensing and repair, and tumor immune microenvironment [36] [37] [38] . Our data indicated that FOXN2 depletion promotes cell growth, leads to increased cell numbers in the S phase and inhibits DNA damage-induced γ-H2AX foci formation. Additionally, using the GSEA database, we discovered that FOXN2 may be associated with cell cycle regulation, mismatch repair, nucleotide excision repair, and homologous recombination, suggesting that FOXN2 may regulate the expression of genes involved in these processes; this issue should be further investigated in the future. However, our findings strongly indicate that loss of FOXN2 enhances radioresistance of lung cancer cells by promoting cell proliferation and cell cycle redistribution, as well as inhibiting DNA damage response. More importantly, we found that the FOXN2 mutant was more potent than wild-type FOXN2 in suppressing cell proliferation and enhancing radiosensitivity, suggesting that β-Trcp and RSK2-mediated FOXN2 degradation is required for these biological functions, further supporting the roles of FOXN2 in tumorigenesis and DNA damage response. Using the online Oncomine database and Kaplan-Meier plot analysis, we showed that FOXN2 is downregulated and that low levels of FOXN2 expression correlate with poor overall survival in lung cancer patients (Supplementary Figure 1) . We were unable to examine the protein levels of FOXN2 in lung cancer tissues due to the lack of antibodies suitable for immunohistochemistry. However, all of the data presented indicate that FOXN2 may act as a novel tumor suppressor in lung cancer. Notably, high protein levels of β-Trcp were observed in multiple types of human cancers [15, 39, 40] , especially in lung cancer [29] . Thus, our results imply that the accumulation of β-Trcp may account for FOXN2 downregulation in human lung cancer.
In summary, our work uncovered that FOXN2 is a bona fide substrate of β-Trcp ubiquitin ligase, providing insight into the molecular mechanisms by which FOXN2 is regulated and the biological significance of β-Trcp and RSK2-mediated FOXN2 degradation in lung cancer. Importantly, we also provided evidence that FOXN2 may be downregulated and function as a tumor suppressor protein by inhibiting tumorigenesis and radioresistance. Given that β-Trcp is frequently overproduced and results in the degradation of FOXN2 in lung cancer, targeting β-Trcp could be a potential new therapeutic strategy for lung cancer, displaying elevated levels of β-Trcp and low levels of FOXN2.
Materials and methods
Cell culture
HEK293T, HeLa, H1299, and A549 cells were purchased from the American Type Culture Collection (ATCC) cultured in Dulbecco's modified essential medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 100 μg/mL of penicillin and streptomycin at 37°C with 5% CO 2 .
Plasmids FOXN2, β-Trcp1, and RSK2 plasmids were purchased from DF/HCC DNA Resource Core. Myc-β-Trcp1 plasmid was kindly provided by Dr. Wenyi Wei (Harvard Medical School, USA). All constructs were subcloned into the pDOR201 vector and then transferred to a Gatewaycompatible destination vector with indicated SFB and Myc tag using Gateway Technology (Invitrogen). The KOD hot start kit (Novagen) was used to generate mutations, and all mutations in this study were confirmed by DNA sequencing.
Antibodies and reagents
Anti-FOXN2 antibody was obtained from Mybiosource. Anti-β-Trcp antibody, anti-ATM antibody, anti-GSK3β antibody, and anti-HA antibodies were obtained from Cell Signaling Technology. Anti-GAPDH antibody, anti-Myc antibody, anti-CDK1 antibody, anti-CK1α antibody, and anti-CK2α antibodies were purchased from Santa Cruz Biotechnology. Anti-RSK1 antibody, anti-RSK2 antibody, and anti-PKCα antibodies were obtained from Proteintech. Anti-Flag antibody was purchased from Sigma-Aldrich. Cycloheximide and MG132 were purchased from SigmaAldrich and Millipore, respectively.
RNA interference
The sequences of siRNAs were as follows: β-Trcp siRNA: 5′-AAGUGGAAUUUGUGGAACAUC-3′, which has been described previously [14] [15] [16] . RSK2 siRNA-1: 5′-GGGAGGAGAUUUGUUUACACGCUUA-3′; RSK2 siRNA-2: 5′-AGCGCTGAGAATGGACAGCAA-3′, which has been described previously [35, 41] . FOXN2 siRNA-1: 5′-GAGGAGUUACGGCAAUGCA-3′; FOXN2 siRNA-2: 5′-CCUUGCUGGAAUUCGUACA-3′. All siRNAs were transfected into cells at 100 nM using LipofectamineRNAimax (Invitrogen). The cells were harvested 48 h after transfection. To construct FOXN2 siRNAresistant plasmids, six nucleotide substitutions were introduced into the FOXN2 siRNA target sequence.
Western blotting and immunoprecipitation
Cells were lysed in NETN buffer (20 mM of Tris HCl, pH 8.0, 100 mM of NaCl, 1 mM of EDTA, and 0.5% Nonidet P-40) on ice for 30 min. Proteins were resolved on SDS-PAGE and then transferred to PVDF membranes for western blotting. For exogenous immunoprecipitation, samples were incubated with S-protein agarose beads (Novagen), shaking overnight at 4°C. For the endogenous binding, the supernatants were first incubated with anti-β-Trcp for 2 h and then protein A/G-agarose overnight. The precipitates were washed five times with NETN buffer and analyzed by western blotting.
Establishment of stable cell lines
This assay was performed as described previously [42] . Briefly, HEK293T cells were transiently transfected with FOXN2 shRNAs and packaging plasmids pSPAX2 and pMD2G. After 48 h, lentiviral supernatants were collected and used to infect H1299 cells with the addition of 8 μg/mL of Polybrene (Sigma). Stable cell lines were selected with media containing 2 μg/mL of puromycin and validated by Western blotting. The shRNA sequences were as follows:
Control shRNA: 5′-TCTCGCTTGGGCGAGAGTAAG-3′; FOXN2 shRNA-1: 5′-CCTTGCTGGAATTCGTACA-3′; and FOXN2 shRNA-2: 5′-GAGGAGTTACGGCAATGCA-3′.
In vivo ubiquitination assay
Cells were transfected with the indicated plasmids for 24 h. Proteasome inhibitor MG132 was added 4 h before cells were lysed. Samples were subjected to western blotting using the indicated antibodies.
Protein degradation assay
Cells were transfected with indicated siRNAs for 48 h. Alternatively, cells were directly transfected with Myctagged FOXN2-WT or FOXN2-AA mutant plasmids. After transfection, 20 μg/mL of cycloheximide (CHX) was added to the medium at the indicated time. Cells were lysed, and proteins were subjected to immunoblot using the indicated antibodies.
Cell growth and colony formation analysis
This assay was performed as described previously [43] . Cells transfected with the indicated siRNAs or plasmids were seeded into six-well plates at 1 × 10 4 /well. Cell numbers were counted every other day by digesting into suspension with trypsin/EDTA. For colony formation assays, cells were seeded in a six-well plate at a density of 500/well and then cultured for 2 weeks. The numbers of colonies containing more than 50 cells were counted.
Flow cytometry
This assay was performed as described previously [43] . A549 and H1299 cells transfected with the indicated siRNAs were collected and stained with propidium iodide (PI) and RNase A. The samples were analyzed by flow cytometry.
Immunofluorescence staining
Cells transfected with the indicated siRNAs or plasmids were cultured on coverslips and then were exposed to 2 Gy IR. Cells were then fixed with 4% paraformaldehyde solution for 15 min at various time points after radiation (30 min, 4 h and 24 h) and extracted with buffer containing 0.2% Triton X-100 for 5 min. The samples were blocked with 5% bovine serum albumin (BSA) and then incubated with γ-H2AX antibody overnight. Cells were washed and incubated with secondary antibody for 1 h. Finally, cells were counterstained with DAPI for 10 min to visualize the morphology.
Clonogenic cell survival assays
This assay was performed as described previously [43] . A549 and H1299 cells transfected with the indicated siRNAs or plasmids were seeded in triplicate into six-well plates and irradiated with indicated doses. Cells were further grown for 2 weeks to form distinct cell clusters. The colonies comprising more than 50 cells were evaluated.
Xenograft study
All animal experiments were approved by the Medical Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology. BALB/c nude mice (5-6 weeks old) were used for animal studies. Mice were randomly divided into three groups consisting of five mice and injected with 5 × 10 6 H1299 stable cells (shControl, shFOXN2-1, and shFOXN2-2). Tumor growth was measured with calipers every 3 days, and tumor volumes were calculated according to the formula V = (L × W 
Statistical analysis
In our study, three (or at least three) independent experiments were performed in each assay. Data are shown as the means ± SD. The significance of the data between different groups was analyzed by Student's t-test. P < 0.05 was considered significant.
